Abstract. The quality of life is influenced by the environment quality and one of the major factors that require a continuous monitoring is the level of radiation. This paper presents a microcontroller-based system designated for monitoring the release of subatomic high frequency particles in the gamma ray area. Unlike the related scientific literature, where experiments are based on desktop computers for data processing and remote transmission, this work presents an independent standalone microcontroller-based system which incorporates the standard internet protocols. The measurement data, as well as warning signals, are sent to the decision making factors via a communication channel (such as internet, mobile phone or radio amateur band). Some experimental results are also discussed in the paper.
Introduction
One of the main concerns regarding the quality of the environment, and consequently, the life quality, is related to the environment pollution and the level of radiation, especially, in urban regions, in areas with nuclear power plants, and in other contaminated locations. Due to security reasons, several modern radiation monitoring systems were developed in the last decades, most of them for nuclear plants ( [21] ). In the recent years a new technology was proposed for the development of intelligent environmental monitoring systems, the wireless sensor networks ( [13] , [14] , [16] ). A sensor network is composed by a set of geographically distributed autonomous sensors that monitor physical or environmental conditions and transmit the acquired data to a central location. The main components of a sensors network are the sensor nodes, the base stations and a server that centralize all the results of the network activity. The data transmission is usually made between the components of the network either via satellites or by wireless radio. We have developed a microcontroller-based intelligent monitoring and warning system (introduced and described in [2] ) that was applied to environmental monitoring. The system was designed in a holonic view, and it can be used as an independent standalone system or it can be included as a part of a larger intelligent monitoring system. In a particular case, the system can be integrated in a sensors network, either as a sensor node or as a base station. Also, the system is low cost and flexible, and can be adapted to various environmental monitoring applications (e.g. air pollution monitoring, flood monitoring and alert [17] , soil pollution monitoring, radiation monitoring etc). In this paper it is presented a microcontroller-based system designated for monitoring the release of subatomic high frequency particles in the gamma ray area. In addition to radiation monitoring, the system also performs remote transmission of data together with the GPS coordinates and the appropriate warning signals.
Radiation monitoring systems
Stationary radiation monitoring and warning systems are used in the environmental protection field for a defined perimeter, for identifying, isolating and later containing of contaminated sources. For example, radiation monitoring is used in industry for high speed grinding machine cutting heads, which incorporate a radioactive element, and the cutting head wear is signaled by an increase in normal background noise. The systems reported in the literature are specific to laboratory environments and consist in a microcontroller-based monitoring unit and a desktop-computer-based data acquisition unit. Paper [6] presents a standalone microcontroller-based radiation monitoring system developed around a Siemens 80535 8-bit microcontroller, without any possibility of remote data transmission. This issue is partially solved in [8] by using a desktop computer and an internet connection. The portable system presented in [15] , which is based on an 8-bit AMD-80535 microcontroller, is able to transmit the data remotely by interconnecting it through a serial line to a PC, PDA or a smart phone.
In the last years, some radiation monitoring systems based on wireless sensor networks were reported in the literature. A review of some recent experiments with sensor networks for environmental and agricultural applications is presented in [4] . A mobile wireless sensor network for radiation levels monitoring around and inside a nuclear power plant is proposed in [1] . The design and implementation of a radiation dose monitoring system based on wireless sensor network was recently described in [12] . An overview of sensor networks was made in [7] , while detailed discussions on the importance of using sensor networks in earth system science and ecology were reported in several papers such as [8] and [11] . Some other environmental and radiation monitoring systems based on sensor networks were reported in the literature (see e.g. [9] , [18] , [19] , [20] ).
In this paper we propose a mobile microcontroller system with internet connection capability, which monitors increases in concentrations of gamma radiations along a preset geographical route. The warning signals, which are generated according to the received data, are sent together with the corresponding GPS coordinates to the Committee of Emergency Situations for taking the appropriate measures.
Description of the experimental radiation monitoring and warning system
As shown in Figure 1 , the system consists of a mobile, microcontroller-based unit, which is capable to transmit data as SMS text to mobile phone networks, audio and data through long-range short wave radioamateur channels, and also to access a wireless internet access point located in receiving range. This particular design also presents an advantage due to a constant data connection between the mobile unit and the end user through the radioamateur channel. Such a digital connection, known as AX.25 packet radio protocol, is a low speed implementation of the TCP/IP designed for long distance communication. Even if the mobile system is located outside the range of a traditional wireless access point, a stable digital communication is still possible by using a high gain unidirectional antenna at end user location. GPS coordinates, radiation measurement and data processing are performed inside the mobile system at microcontroller level, and the values are stored inside a local database. In both cases of internet and packet radio connection, each record is passed to a remote client computer and stored in a SQL database for further analyses. In case of connection disturbances, the acquired data is kept inside the local database for further update. Due to low speed of long range connection, only currently acquired records are passed to the client computer. For large data flows updates between the databases, the wireless internet access point connection is preferred.
The proposed system is based on the BSD Unix-based Data Logger (BSDLog) monitoring and warning system built around the Marvell 88F6281 master microcontroller (proposed in [2] ), with the block diagram presented in Figure 2 . As interfaces to the environment, the system is equipped with a monitoring interface (IFMON) and a warning interface (IFW), both also built on microcontroller technology. IFMON takes measurements of radiation level through the gamma radiation transducer (SG1). The warning signals (Wa0) will send the coresponding codes to the decision factors remotely through a communication medium: text messages via wireless network, internet, GSM modem, or packet data and audio messages through amateur radio channels. As a land mobile system, mechanical shock faults on the system, expecially on its storage memory unit, were solved by adopting a solid state shielded memory stick-type. Also, as a stationary unit, our system is able to issue an internal warning signal (Wa1) to activate the procedure of containment as a direct intervention in the process. The Marvell 88F6281 microcontroller is built under SoC (System on a Chip) technology for the mobile telephone market, and has a large variety of interfaces (see [22] ). For this system we have compiled the Unix 9.0BSD available in the release version (see [23] ) using the ARM microcontroller core specifications according to the research work presented in [2] , as following:
• most of the compilation output code at BSD Unix kernel and application levels consisted of the microcontroller architecture-proprietary set of instructions, which require less CPU clock counts (a higher speed) for execution; • malloc() restriction in fixed memory lenghts for all variables, for a better memory access optimisation.
. The measurements are taken through the IFMON monitoring interface from the SG1 transducer, constructed around a SBM-19 military-type vacuum chaimber tube Geiger-Muller radiation detecting sensor (see [24] ). Previous experiments showed that continuous exposure of silicon-based sensors to radioactive environments lead to atom dislocations and long term ionisations, leading to degrading and structural damage of the silicon semiconductor components, and output electric signal interferences until irreversible damage (see [3] ). This reason determined the chosen vacuum chamber sensor approach. The SG1 transducer was built around a PIC16F84 microcontroller and connected to BSDLog as shown in Figure 3 . The SBM19 sensor receives the gamma particles which result from high to low energy decay states of atoms. For each received particle (representing an atom decay), an electric discharge takes place inside the vacuum chamber and a short variation in current intensity is released as an active-high logic signal (pulse). The PIC16F84 microcontroller performs a count of the low to high logic transitions. The resulting value is split in tens and units digits, which are transferred to IFMON via the 4-bit data bus. Also, the microcontroller signals the corresponding digit (tens or units) through two separate logic outputs. To avoid any disturbances in sensor detecting accuracy, special measures were taken in designing its power supply by means of voltage filtering.
The BSDLog main program (presented in Figure 5 ) communicates with the transducer via Unix pipe according to our designed protocol, presented in Figure 4 . The Counts variable represents the number of electric discharges recorded by the transducer in an interval of one second. This variable is continuously updated from the IFMON as soon as the coresponding digits are received through the data bus (see Figure 4) , and is passed via the unix pipe system to the main program (see Figure 5) . The received radiation pulses count is transformed in radiation dosage according to the sensor datasheet, as a number of 19 pulses per second corresponds to a radiation dosage of 1 mRem/h (see [24] ). Three comparations are performed according to the maximum allowed dosage (0.3 mRem/h), and the ASCII text warning signals are generated as following: "normal" for natural radiation background, "warning" for a value closer to the limit, and "alert" for a dangerous measured level. For each performed measurement, the GPS coordinates are acquired as ASCII text data. In case of a warning or alert, a SMS message is sent through the warning interface via the selected GSM modem adapter (through IFW). Also, our system is capable to convert both the warning signals and the GPS coordinates from ASCII text to synthetised speech by using the BSD Unix flite text to speech utility program (see [25] ), for remote audio transmission via radioamateur band on large distances. For this purpose, an UGAR2/R1230 military radio was used in an available Citizen Band channel for both speech and low speed packet data transmission. End-user database updates are performed between the local and remote MySQL servers each time IFW establishes a link to a wireless access point. 
Results and discussions
In order to evaluate the performances of our system, we replicated the transducers presented in [8] and [15] , and the tests were ran in parallel. Several measurements were performed at the end of year 2010 in the Ploiesti City perimeter. The recorded radiation levels and the corresponding warning codes obtained for one of the experiments are shown in Table 1 . The recorded coordinates corespond to the CINA medical hospital in Ploiesti City, where at that time a radiography was performed. Our system, as well as the the studied systems, recorded the same variations in the radiation dosages. The second test consisted in a sudden exposure of the three systems to a weak Americium 241 probe, considering the response time, warning time and recorded radiation level. The resulted data is presented in Table 2 . TA 1 represents the time interval between the beginning of sensor exposure and the release of alert signal at IFW (or PC network interface card). Our proposed system, as well as the replicated systems (see [8] , [15] ) received and processed the measured data at software level in an interval of time according to relation (1) .
TA 1 = t exposure + t process + t transfer_to_output_interface (1) where the variables in (1) are:
• t exposure represents the 1 second measurement interval (sensor pulses count);
• t process is the interval of time for data passing through the transducer to its output interface: acquire of gamma particles pulse count, processing at microcontroller level, signal release to output line (IFMON or serial line); • t transfer_to_output_interface is the interval of time for data passing from input through the central unit (BSDLog or PC), and updated data packet availability at output (IAV or PC wireless network card). TA 2 represents the propagation interval of the numeric signal from IFW (or PC) to a target desktop computer, connected to the local area network, by encoding the data as a hexadecimal string (pattern) inside a ping packet (see [26] ).
During 12 th of March and 10 th of May 2011, we have performed an atmospheric radiation level monitoring in order to detect any disturbances caused by the Japanese Fukushima nuclear plant. Normal variations in background noise were recorded during this time interval, as confirmed by the study performed in [5] .
Our experimental system is presented in Figure 6 . 
Conclusions and future research
We have presented a microcontroller-based radiation monitoring and warning system with remote data transmission. The performances of the system were tested during several experiments done in selected areas from the Ploieşti City. Also, some comparisons with similar systems were done. The analysed systems, which were based on a Windows XP-based PC, have elaborated the warning signals in an increased interval of time, covering the period from data acquisition to output signal release. The same difference is observed in remote data transmission interval, as our proposed system recorded superior performances. In addition to the systems studied in the literature, BSDLog system provided local and remote transmission of the alert signals together with the corresponding GPS coordinates. Our system showed superior response times due to our optimizations of kernel and application level code, and was also capable to maintain a stable data connection to the end-user applcation. Warning signals were transmitted both via SMS messages and internet data packets. For stationary use, it can be adapted for monitoring up to 16 critical points of a fixed perimeter. Also it can monitor a large geographical area by attaching it to a mobile or aerial vehicle. In this case a solar cell panel is used for charging the batteries.
The system can be integrated in an environmental sensor network as sensor node or base station. It can also be extended for other fields of monitoring in environmental protection, such as air quality and toxic gases pollution, with minimum changes in our transducer design. The modular structure of our system allows to interface with other low power transducers based on detectors for toxic and eplosive gases, air quality or contaminating particles (see [10] ).
Our future research is focused in attaching the proposed system to a model aircraft and explore geographical area defined by GPS coordinates, for mapping disturbances and establish the hot spots. Further more, solar radiation measurements can be performed with high altitude exploration.
